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Antioxidant potential of different body parts such as seahorse internal organs (SIO), skin with bones (SSB), bones (SB) 
and muscle tissues (SM) of cultured yellow seahorse, Hippocampus kuda was assessed in terms of total phenolic content (TPC), 
reducing power (RP), metal chelating activity (MCA), 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity, 
hydroxyl radical scavenging (HRS) and lipid peroxidation assay (LPX). In general, relatively elevated levels of TPC and other 
measured antioxidant activities were recorded in extracts from SIO and SM. Extract prepared from SIO exhibited significantly 
higher levels of TPC, RP, DPPH scavenging activity and LPX inhibition, while MCA and HRS activities were significantly 
higher in SM and SSB, respectively (P < 0.05). A significant difference in TPC and antioxidant activities between different 
body parts of seahorse was discernible. The results of the study revealed that internal organs and muscle tissues contribute 
significantly to the antioxidant potential in the H. kuda. Results obtained in the present investigation suggest that TPC and other 
antioxidant activities are dependent upon biochemical composition of individual body parts. 
[Keywords: Antioxidant activities, Bones, Hippocampus kuda, Internal organs, Total phenolic content, Traditional 
medicine, Yellow seahorse] 
Introduction 
Seahorses (Genus: Hippocampus; Family: 
Syngnathidae) form the main ingredient mostly in 
powdered and/or extracted forms in many traditional 
medicines (TM) of the world such as traditional 
Chinese medicine (TCM), Kampo medicine, 
Ayurvedic medicine and American folk medicine are 
major practices
1-2
. As per the latest report, at least 93 
countries are involved in seahorse trade for TM
3
. 
Major countries that use seahorses in TMs are China, 
Hong Kong, Korea, Taiwan, Vietnam, Brazil and 
Latin America
1,3-5
. In TCM, seahorses (‘hai ma’ in 
Chinese) have been known to aid in enhancing and 





. TCM practitioners believe that 
seahorses possess powerful aphrodisiac properties and 
are used to cure impotence and infertility including 
treating minor illnesses including respiratory and 
kidney disorders, high cholesterol, goitre, skin 
afflictions (severe acne and persistent nodules)
1-6
. 
Powdered forms and/or extracts of seahorses are also 
prescribed as a powerful general tonic
1,8-9
. 
Till today, antioxidant properties of few seahorse 
species have been documented
7,10-14
. However, there 
remains unresolved that which of the body part(s) 
specifically exert antioxidant properties as the 
powdered form or extracts of whole seahorses are 
used for the preparation of TM
2-3,5
. In contrast to other 
bony fishes, seahorses differ in many morphological 
and physiological characteristics. For example, 
seahorses have a layer of skin stretched over a series 
of bony plates in lieu of scales
15
. Furthermore, they 
lack fleshy muscles inside their body and much of 
muscle tissues are confined to the prehensile tail, 
dorsal fin muscle support and superior trunk region
16-
18
. In spite of insignificant proportion of body 
muscles, interestingly seahorses form one of the 
major ingredients in TM. Although the Ministry of 
Food and Drug Safety in Korea has validated the use 
of seahorse as food ingredient its usage however, has 
been restricted to 50 % of the entire composition
7
. 
Therefore, it assumes a paramount importance to 
understand which body part(s) contribute to the 
bioactive properties of seahorses. 




The common seahorse or yellow seahorse or 
estuary seahorse, Hippocampus kuda is one of the 
major and highly-priced seahorse species targeted for 
TCM in many southeast Asian countries
3,5,19
. 
Different antioxidant properties and pharmaceutical 
effects such as anti-cancer, anti-aging, stress-relieving 
as well as anti-hypertensive properties in H. kuda 
have been reported
9-14,20
. For gaining deeper insights, 
investigations on the total phenolic content and 
antioxidant properties exhibited by methanolic 
extracts prepared from different body parts (internal 
organs, skin embedded with bones, separate bones 
and muscle tissues) of cultured H. kuda were 
conducted. The relative contribution of different 
organs to the antioxidant potential of H. kuda could 
be elucidated from this study.  
 
Material and Methods 
 
Seahorse and experimental facilities 
Captive-bred and laboratory reared (F2 generation), 
Hippocampus kuda (Bleeker, 1852) measuring  
135 ± 3.24 (males) and 132 ± 1.46 mm height (females) 
and weighing 16.12 ± 0.55 (males) and 14.93 ± 0.57 g 
wet weight (females) were used for the present study. 
For feeding seahorses, prey items such as live mysids 
(Mesopodopsis sp.), adult Artemia (Artemia salina), 
amphipods (Grandidierella nioensis) and fish juveniles 
(Ambassis sp., Oreochromis sp.) were provided ad 
libitum thrice a day. Optimum water quality conditions 
(salinity, 32 ± 2 ppt, water temperature, 29 ± 2 ºC, 
dissolved oxygen, 6 ± 1 mg L
–1
, pH, 7.7 ± 0.2,  
NO2–N, < 0.02 mg L
–1
). were maintained in the 
rearing tanks. Seahorses from two different tanks 
were selected for preparation of extract in order to 
avoid possible tank effect. 
 
Seahorse body parts 
Healthy seahorses without any external signs of 
disease and symptoms of stress were quickly captured 




and washed thoroughly before being used. Seahorses 
(n = 20) were dissected using sterilized scalpel to 
separate different organs
22
. Seahorse muscle tissues 
(SM) were collected from prehensile tail, dorsal fin 
supporting musculature and muscles in superior trunk 
region. Seahorse internal organs (SIO) comprising 
gills, liver, gonads (if any), kidneys, intestines etc. 
were also collected. Seahorse bones (SB) were 
collected by allowing the disintegration by keeping 
them in screw cap jar (1 L) filled with seawater. For 
this, another set of seahorses (n = 5) of same batch 
were used. The collected SB were washed several 
times with distilled water before being used. Different 
body parts were lyophilized separately and were 
grounded and converted to powder form. 
 
Preparation of methanolic extracts 
Method outlined in Sanaye et al.
14
 was followed for 
preparation of methanolic extracts. Powdered and 
finely sieved (0.5 mm) samples of different body parts 
(in duplicate) were placed in a rotary shaking 
incubator (Remi, RIS – 24 BL) at 180 rpm for 24 h at 
29 ± 2 ºC after mixing with 100 mL of HPLC grade 
methanol (w/v). The mixture was filtered through 
Whatman No. 1 filter paper after centrifugation at 
3500 rpm for 10 min at 4 ºC. Rotary evaporation 
(BUCHI Rotavapor R–200) at 45 ºC) was employed 
to remove methanol in the extract and the extraction 
yield (%) was calculated. The body part-wise dried 
extracts (in duplicate) were pooled and kept at –80 ºC 
for further analysis. For the preparation of stock 
extract solution (2 mg mL
–1
), the dried extracts (body 
part-wise) were then re-dissolved in HPLC grade 
methanol which was then used for the determination 
of total phenolic content (TPC) and other antioxidant 
properties. Three different stock sample extract 
concentrations, 0.1, 0.2 and 0.4 mL corresponding to 
200, 400 and 800 µg, respectively were evaluated  
(in triplicate).  
 
Total phenolic content and Antioxidant activities 
Protocols as outlined in Sanaye et al.
14
 for the 
determination of total phenolic content (TPC) and 
other antioxidant activities were followed. The 
quantification of TPC was carried out according to 
Slinkard & Singleton
23
 using gallic acid as standard 
and the values are presented in mg gallic acid g dried 
extract
–1
. Reducing power (RP) of extracts of  
different body parts was determined by a modified 
method of Oyaizu
24
 with ascorbic acid (ASA) solution 
(10~100 µg mL
–1
) as standard by measuring the 
absorbance at 700 nm. Absorbance readings of 
reaction mixture are directly proportional to the  
levels of RP of the extract. Dinis et al.
25
 was used  
to determine metal chelating activity (MCA) of 
extract and compared with the standard  
EDTA (10~100 µg mL
–1
) solution. 2, 2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity 
was measured following the method described by 
Blois
26
 using Butylated hydroxyl toluene as standard 
(10~100 µg mL
–1
). The inhibition capacity of extract 
to degrade hydroxyl radical mediated 2-deoxy-D-




ribose in hydroxyl radical scavenging (HRS) activity 
was determined spectrophotometrically
27
. The method 
described by Jena et al.
28
 was performed for in vitro 
lipid peroxidation (LPX) inhibition assay. ASA 
solution (10~100 µg mL
–1
) was used as a standard for 
HRS activity and LPX inhibition assay. 
 
Statistical analysis 
All the assays of antioxidant properties were 
performed in replicates of three and the values are 
presented in mean ± SD. Significant difference in the 
mean values of TPC and antioxidant activities between 
different body parts was assessed by Student’s t-test. 
Significant correlation between variables was performed 
by Pearson correlation analysis. Significance was 
adjudged at a 95 % confidence level, represented as  
P < 0.05. Statistica 8.0 programme (Stat Soft 8.0)  
was used for all statistical analysis.  
 
Results 
Obtained extraction yields (%, w/w) from different 
body parts followed the order, SIO (60.68 ± 0.207) > 
SM (15.88 ± 0.390) > SSB (11.85 ± 0.136) > SB 
(00.36 ± 0.004). TPC values (mg gallic acid g dried 
extract
−1
) measured at extract concentrations of 200, 
400 and 800 µg ranged from 15.83 ± 0.28 to 62.18 ± 
0.188 for SIO, from 5.57 ± 0.28 to 25.27 ± 0.18 for 
SSB, from 3.39 ± 0.24 to 13.05 ± 0.22 for SB and 
from 9.94 ± 0.21 to 37.20 ± 0.26 for SM (Fig. 1a). 
Significant positive correlation between TPC and 
measured levels of antioxidant activities (RP, MCA, 
DPPH scavenging, HRS and LPX inhibition) existed 
among all body parts tested (P < 0.05). Mean values 
of TPC obtained from different body parts were 
significantly differed (t-test, P < 0.05).  
The RP of extracts from all body parts (0.14 to  
0.71 Abs.) were found to be directly proportional to 
concentration (200–800 µg) (Fig.1b). Levels of RP 
recorded for SIO and SM were found to be similar 
however, differed significantly (P < 0.05) with SSB 
and SB. The degree of MCA of extracts from 
different body parts (measured at 200–800 µg 
concentration) ranged from 28.09 ± 0.008 to 33.53 ± 
0.007 %, from 23.75 ± 0.01 to 45.72 ± 0.02 %, from 
12.93 ± 0.02 to 35.71 ± 0.01 % and from 44.73 ± 0.01 
to 71.63 ± 0.03 %, respectively in SIO, SSB, SB and 
SM (Fig. 1c). The metal chelating capacity exhibited 
by SM extract was significantly higher (P < 0.05) than 
those extracts from other body parts (SIO, SSB and 
SM). Levels of DPPH radical scavenging activity 
recorded varied from 9.16 ± 0.19 to 51.74 ± 0.88 % in 
SIO, 6.27 ± 0.24 to 26.23 ± 0.71 % in SSB, 5.69 ± 
0.11 to 18.71 ± 0.26 % in SB and 11.61 ± 0.52 to 
40.87 ± 0.01 % in SM (Fig. 1d). A direct correlation 
between DPPH radical scavenging activity and TPC, 
RP and MCA was found to be significant (P < 0.05). 
The degree of DPPH radical scavenging activity 
recorded in different body parts of seahorse followed 
the order, SIO > SM > SSB > SB. 
A dose-dependent increase in HRS activity was 
observed in H. kuda body tissue extracts. (Fig.1e). 
Interestingly HRS activity exhibited by extract from 
SSB was significantly higher than extracts prepared 
from other body parts (SIO, SB and SM) (P < 0.05). 
LPX values obtained from different body parts ranged 
from 76.82 ± 0.72 % to 148.33 ± 3.52 %, 107.08 ± 
0.56 % to 123.36 ± 0.86 %, 76.39 ± 1.45 % to 81.56 ± 
0.67 % and from 69.79 ± 0.51 % to 90.78 ± 0.88 %, 
respectively in body parts, SIO, SSB, SB and SM 
(Fig. 1f). The degree of LPX inhibition activity shown 
by extracts from SIO was significantly higher 
compared to extracts prepared from other body  
parts and followed the order SIO > SSB > SB > SM 
(P < 0.05). 
 
Discussion 
In recent years, the biochemical and 
pharmaceutical properties in seahorses have been 
validated through modern methods to ascertain their 
potential curative role in TM
2,10-14,20,29
. Although the 
whole seahorse is used in TM preparations, the 
antioxidant properties exerted by individual body 
parts are largely unknown. Hence, an attempt was 
made to evaluate relative contribution of antioxidant 
activities exerted by different parts of H. kuda in the 
present study. 
Phenolic compounds have been reported to account 
for various antioxidant activities amongst which 
donation of hydrogen ions or electron, chelation of 
metal ions, free radical nutralization, quenching 
singlet and triplet oxygen and peroxides 
decomposition are significant
30
. During present study, 
relatively higher values of TPC were recorded in 
seahorse body parts, SIO and SM compared to SSB 
and SB. A wide range of enzymes and bioactive 
components used in biomedical applications are 
extracted from internal organs of marine fishes
31
. Due 
to exhibition of higher rates of metabolism and 
oxygen consumption, vertebrate's liver considered as 
best representative of antioxidant defense status
32-33
. 
Relatively higher rates of lipase activity in the 
digestive tract of many marine fish species
34-35 




including cultured H. kuda
36
 have been reported. 
Also, it is known that, the female gonads of seahorses  
serves as reserve for different types of fatty acids
37-38
. 
Furthermore, phenolic compounds as effective 
antioxidants for fatty acids (mostly polyunsaturated 
fatty acids, PUFAs) have also been documented
11
. 
Lipid rich profile of these organs might be 
contributing to the production of higher amount of 
phenolic compounds. This validates the observed 
higher TPC values in SIO and this observation is in 
 
 
Fig. 1 — Levels of various antioxidant activities measured in different body parts of cultured seahorse, Hippocampus kuda; a) Total 
phenolic content, b) Reducing power, c) Metal chelating activity, d) DPPH scavenging activity, e) hydroxyl radical scavenging (HRS) 
activity and f) inhibition of lipid peroxidation (LPX). SIO: seahorse internal organs, SSB: seahorse skin and bone, SB: seahorse bone and 
SM: seahorse muscle 
 




consonance with the study by Sanaye et al.
14
 wherein, 
higher TPC values were reported from trunk region of 
male and female captive-bred seahorses.  
According to Ganu et al.
39
, the RP is an indicative 
of reducing agents possessing the availability of 
atoms which can donate electron and react with free 
radicals and then convert them into more stable 
metabolites and terminate the radical chain reaction. 
Relatively higher levels of RP recorded in SIO and 
SM when compared to SSB and SB might reflect on 
their composition. The positive correlation between 
RP and TPC, MCA, DPPH radical scavenging 
activity, HRS activity and LPX (P < 0.05) implies the 
greater ability of seahorse tissue extracts to minimize 
detrimental effect of free radicals generated by 
reducing metal ions.  
Metal chelating activity (MCA) was observed to be 
higher in SM compared to other three body parts of  
H. kuda. Enhanced levels of antioxidant activities 
exhibited by fish muscle may be due to the presence 
of certain proteins and peptides
40
. Nazeer & 
Kulandai
41
 observed higher magnitude of MCA in 
muscle protein hydrolysate compared to skin protein 
hydrolysate of giant kingfish, Caranx ignobilis.  
A significant positive correlation of MCA with TPC 
and HRS activity (P < 0.05) indicates that extracts from 
H. kuda are capable of reducing lipid peroxidation. 
DPPH scavenging activity observed in the present 
study was relatively lower than reported for H. kuda 
by Hung et al.
10
 and Qian et al.
11
. Extracts from body 
parts, SIO and SM of H. kuda exhibited higher DPPH 
radical scavenging levels than other body parts, SSB 
and SB. Results of the present study are similar to the 
report of Bhadra et al.
42
 wherein higher levels of 
DPPH activity in liver have been documented in 
comparision to other body parts (muscles and skin) in 
four fish species. Donation of hydrogen radical or 
electron to DPPH radical makes itself a non-reactive 
radical
43
. Radical scavenging activity has also been 
attributed to the phenolic content of extract
44
 and it 
can be observed from significant positive correlation 
(P < 0.05) between TPC and measured levels of 
DPPH scavenging activity. 
Hydroxyl radicals can act upon and damage  
almost every molecule like sugars, amino acids, 
phospholipids, DNA bases, and organic acids  
present in living cells
45
. Surprisingly, HRS activity 
was found to be higher in body parts, SSB and SB 
compared to other body parts (SIO and SM). 
Similarly, higher HRS activity exhibited by skin 
protein hydrolysate of two marine fishes (Megalapsis 
cordyla and Otolithes ruber) implying higher 
antioxidant potential has been reported by Sampath 
Kumar et al.
46
. Production of hydroxyl radicals helps 
to increase lipid peroxidation and at the same time 
preventive action by metal chelation, by reducing 
power controls donation of hydrogen ions and metal 
ions capture
11
. A significant correlation between the 
levels of HRS activity with TPC, DPPH scavenging 
activity, RP, MCA and LPX inhibition suggest that 
extracts from all body parts of H. kuda possess the 
capacity to reduce and/or quench iron ions and 
hydroxyl radicals efficiently. 
According to Cheng et al.
47
 during lipid 
peroxidation, phenolic compounds offer protective 







). At the same time, antioxidant 
activities such as RP, MCA presumed to prevent 
oxidation which includes restrictions on sharing 
hydrogen from phenolic hydroxyl groups and 
producing stable free radicals which do not propagate 
further lipid Peroxidation
48
. A significant positive 
correlation observed between LPX and other 
antioxidant activities such as TPC, RP, MCA and 
HRS scavenging activity implies the higher ability of 
the extract from body parts of H. kuda to minimize 
lipid peroxidation by inhibition.  
In present study, relatively higher values of TPC 
and other antioxidant activities were recorded in 
internal organs (gills, liver, gonads and digestive 
tract) compared to other body parts. Higher TPC and 
other antioxidant activities recorded in extract 
prepared from trunk region corroborate the earlier 
finding by Sanaye et al.
14
. Furthermore, the results of 
present investigation are also in line with previous 
reports in other marine fishes and mainly attributable 





, seahorse muscles are made up of pink 
and white fibers, which may contain greater amount 
of lipids and antioxidant enzymes. Fish skins are 
known to contain collagen, gelatin and carotenoid 
pigments having pharmaceutical applications
49
.  
The fish bones comprise of 60–70 % of inorganic 
substances which are mostly composed of calcium 
phosphate and hydroxyapatite
50
 and hence they might 
exhibit lower antioxidant potential compared to  
other body parts. Interestingly, wound healing 
properties of collagen extracted from bones of  
M. cordyla and O. ruber have also been documented 
by Sampath Kumar et al.
50
. Therefore, it is not 




surprising that the powdered seahorses prescribed for 
wound healing in TM is a quite common practice
1
 and 
this might be due to significant proportion of bony 
plates in seahorse body
15
. Therefore, the results 
obtained in present investigation suggest that TPC and 
other antioxidant activities are dependent upon 
biochemical composition of individual body parts.  
In conclusion, results of the present study revealed 
significant differences in TPC and antioxidant activity 
exhibited by different body parts of captive-bred 
cultured H. kuda. Antioxidant properties exerted by 
internal organs and muscle tissues were much higher 
compared to other body parts. Since the TPC and 
other antioxidant activities of individual body parts 
are dependent upon biochemical composition 
(specifically the lipid profile), further studies are 
therefore necessary to advance our current 
understanding. Nevertheless, the results obtained here 
could serve as a baseline study to understand relative 
antioxidant potential of different body parts of 
seahorse which forms a precious ingredient in 
traditional medicine.  
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